The Slovenian karst region and similar types of land are difficult to cultivate and often exposed to the process of being abandoned and overgrown with shrubs, trees, and brushwood. Co-grazing in a mixed group may be a way to optimize the management of sheep and goat flocks in such areas. To obtain more knowledge of the natural behavior of small ruminants, the experiment was designed on pasture in the mountain karst region. The experimental area was divided in 6 paddocks, of which 3 paddocks were covered with grass, herbs, and legumes (i.e., grassy paddock [GP]). In the other 3 paddocks the area was additionally overgrown with hazel, beech trees, and bushes (i.e., woody paddock [WP]). In a mixed flock of 40 Slovenian local sheep breed (Istrian Pramenka) and 10 crossbreed goats (Saanen × Alpine goat), 10 animals per species were focally observed during daylight (0500-2100 h). The natural behavior was scored on 12 d, 2 consecutive days in each of the paddocks. Animals were rotated between 6 paddocks according to the balanced schedule. They stayed at each paddock for 5 or 6 d. Observations started on the third day after moving the animals into a specific paddock, following 2 d of adaptation. The results indicated that botanically diverse paddock together with climate conditions affected the behavior. Goats were grazing more (P < 0.001) whereas sheep less in the WP (P = 0.05). In sheep, drinking and salt consumption were higher (both P < 0.001) in the WP, suggesting that salt triggered additional water consumption. The WP enabled conditions where more comfort behavior, that is, autogrooming (both species P < 0.001) and object grooming (both species P < 0.001), was performed. On the second day of observation, animals grazed more compared to the first day (both species P < 0.001), most likely due to lower forage availability. Goats drank (P < 0.001) and consumed more salt on the second day (P < 0.001). With higher temperature sheep and goats grazed less (P < 0.05 and P < 0.001, respectively) and goats drank more (P < 0.05). Sheep showed more while goats less autogrooming when temperature was lower (both P < 0.001). More autogrooming was shown on the second day of observation but only in goats (P < 0.001). The performed behavior of co-grazing sheep and goats suggests different foraging strategies and adaptation between the species, which may be taken into account for management decisions under specific environmental conditions in the mountain karst region.
INTRODUCTION
Sheep and goats have different types of feeding strategy. Sheep are classified as grazers that consume grasses and roughage and goats as mixed or intermediate feeders that consume grasses and browses (e.g., woody plants; NRC, 2007) . Animals have developed different preferences for feed where goats generally consume a wider array of plant species and show a preference for a varied diet that consequently keeps the land area better grazed. These differences in preference between species seem to be related to a vertical distribution of various plant species rather than being attributed simply to which plant species are present (Animut and Goetsch, 2008) . On pastures in mountain and hilly regions, animals are expected to have good production, maintain grasslands, protect land from bush encroachment and fires, and keep areas well fertilized (Fischer et al., 2007) .
In this study, we focused on the natural behavior of small ruminants in the mountain karst region. Slovenian karst region historically has been used as pasture where grazing of livestock has been of vital importance. This region is difficult to cultivate; also, it is exposed to the process of being deserted and overgrown with shrubs, trees, and brushwood. Co-grazing in a mixed group may be a way to optimize the management of sheep and goat flocks in such environment. To our knowledge there has been no study conducted looking at the impact of different foraging conditions on behavior of co-grazing sheep and goats. For this purpose, animals were observed in paddocks of 2 types of vegetation. These types were the grassy paddock (GP) covered with grass, herbs, and legumes and the woody paddock (WP) additionally overgrown with hazel, beech trees, and bushes. Our main hypothesis was that sheep would display similar grazing behavior on the GP than on the WP whereas goats' grazing behavior would be more displayed on the WP compared to the GP.
MATERIAL AND METHODS

Animals and Experimental Setup
The experiment was performed in the summer period (August-September) in 2005 in the mountain karst area (altitude of 900-1000 m) in Slovenia. Animals used were 40 dairy sheep and 10 dairy goats. The flock composition chosen was based on old tradition in Slovenia where many dairy sheep farmers are keeping 1 or more goats in a flock of sheep and because in other study (Vidrih et al., 1996) the researchers found this ratio to have a positive impact on the botanical composition of karst pasture. The local sheep breed Istrian Pramenka, suitable for breeding in the karst region, and crossbreeds between Saanen × Alpine goat were included in the experiment. All the animals were nonpregnant females. They were of similar age (14 mo) to prevent any effect of age on different flocking behavior (Hargreaves and Hutson, 1997) . Before the experiment, the animals were reared in a stable during the winter period. In the spring period, they were brought to the mountain karst pasture. Animals that were used in this experiment were taken from the bigger flocks of nonpregnant and nonlactating sheep and goats. They were first introduced to each other on arrival to the pasture. Since body size may account for anatomical and physiological differences among ruminants (Codron et al., 2007) , our aim was to use animals of similar size. The body weight (mean ± SD) of sheep and goats was 28.45 ± 3.88 versus 23.70 ± 2.71 kg, respectively. Before the grazing period started, the foraging area of 4.3 ha contained a complex mixture of grasses (65%), forbs (25%), and legumes (10%), predominantly white clover. Available forage mass in that period of year was around 2 t DM/ha.
The foraging area was fenced and divided into 6 paddocks of similar size (approximately 700 m 2 ). The shape of paddocks depended on the structure of the ground. Three paddocks were covered with grass, herbs, and legumes (i.e., GP). The other 3 paddocks were covered with grass, forbs, and legumes and with hazel, beech trees, and bushes (i.e., WP). On the pasture, animals were kept outdoors for 24 h. In each paddock they had free access to a drinking trough with a float and a wooden trough with trace-mineralized salt. A woody timber was placed into GP to allow object grooming, whereas trees and bushes were naturally provided in WP. The average ambient temperature in the experimental period was 14.1°C, ranging from 9.2 to 18.5°C. There were daily showers recorded with the precipitation of 71.9 mm in August and 164 mm in September.
Behavioral Observations
For the purpose of observations, 10 randomly selected focal sheep and 10 goats were observed directly in a group of 50 animals. A week before the observations, the selected animals were each marked with a different combination of stripes on their backs using a water resistant color spray (Kruuse, Drøbak, Norway). Animals were rotated between 6 paddocks according to the balanced schedule. Animals were at each paddock for 5 or 6 d, depending on the herbage availability. Observations were performed for 2 consecutive days per paddock resulting in a total of 12 d. Two observers began with observations on the third day on moving the animals to a specific paddock and continued for 2 d. During the observations, the observers were positioned either inside the paddock (WP) or in a caravan distanced 300 m from the paddock, by using binoculars (GP). The observation method in the WP was used because trees and bushes prevented the observers to see the markings on the focal animals from the outside of the paddock. The observers had spent 2 d before the observations in the WP together with the animals, so that the animals habituated to their presence. Throughout the observations in the WP, the observers wore the same working coats. Observations started at 0500 h and finished at 2100 h. Thus, daily observation time was 16 h. There was 1 observer per time observing the animals, 2 h in a row, and then the observers were changed. Activities performed by an individual animal were scored on a sheet of paper and are described in Table 1 . Grazing and resting were recorded every 5 min using instantaneous sampling. Grazing and resting accounted for total amount of hourly time. By using continuous sampling, the following variables were scored: the number of drinking bouts, salt consumption bouts, and comfort behavior. Social interactions (i.e., aggression) were additionally scored, both between the animals of different species and within the species. The interactions were observed on 24 occasions. The data set was therefore too small to run the proper statistical analysis. The only time the social interactions were observed was during the hustling for branches in the WP when animals, mostly goats, reached branches and pulled them down and sheep approached the goats. In the GP, most interactions appeared around the salt trough.
Statistical Analysis
The statistical analysis was performed with the SAS package, version 9.1 (SAS Inst. Inc., Cary, NC). The GENMOD procedure, which fits a generalized linear model, was used for behavioral records. Animal was used as a repeated subject. There were 16 data points per day per animal used. When developing an analysis model for variables of grazing, drinking, salt consumption and comfort behavior, the following fixed effects were used: paddock (GP and WP), paddock identity (nested within paddock; 6 levels), and temperature and observation day (1 and 2). The effect of temperature had 2 levels, 1 with measurements above 15.4°C and 1 below 15.4°C. The chosen value of the temperature was daily mean value of the experimental period, with the minimal temperature of 9.2°C and maximum of 18.5°C. The additional effect of period of daylight (morning period: 0500-0900 h, midday period: 0900-1300 h, afternoon period: 1300-1700 h, and evening period: 1700-2100 h) plus the interaction of period of day and paddock were used for the variable grazing. For the fixed effect of period of day and paddock identity, generalized Hessian matrix was not positive definite. For all the above mentioned records, the Poisson distribution was assumed. The significance of possibly different levels of fixed effects was tested with the χ 2 test. The significance level was set at P = 0.05 and tendency towards significance was at P = 0.10.
RESULTS
Grazing
During light hours, animals of both species spent more than 65% of their time grazing (mean ± SE; sheep: 39.34 mi/h ± 0.54 and goats: 38.59 min/h ± 0.49). In the WP, the agile nature of goats was observed while browsing. Goats often climbed on an easy accessible tree cover, on a dry wooden piece, or even on back of their conspecifics to gain access to tree leaves. More often they leaned against trees and bushes while standing on hind legs, that is, in a bipedal stance and upright body position.
In sheep, the time spent on grazing was affected by the type of paddock, the consecutive day of observation, the period of day, and the temperature (Table 2) . Animals were grazing more in the GP, on the second day of observations, and when temperature was lower. Grazing was additionally affected by the paddock identity (df = 4, χ 2 test = 252.94, P < 0.001; data not shown) and the period of day (df = 3, χ 2 test = 2,907.30, P < 0.001), depending on the type of paddock (df = 3, χ 2 test = 320.45, P < 0.001; Fig. 1 ). Figure 1 also illustrates the 3 peaks of grazing in both types of paddocks. The first peak was observed in the morning until 0900 h, the second one, which was lower compared to the other peaks, around midday, and the third one after 1500 h. Table 3 shows that the investigated fixed effects had a significant effect on grazing in goats. Goats were observed to spend longer period of time on grazing in the WP than in the GP. On the second day of observation, goats were observed to graze for a longer period compared to the first day. Grazing was affected by the temperature with the lower temperature increasing the activity. As in sheep, grazing was additionally affected by the paddock identity (df = 4, χ 2 test = 184.99, P < 0.001) and the period of day (df = 3, χ 2 test = 988.05, P < 0.001), depending on the type of paddock (df = 3, χ 2 test = 94.97, P < 0.001; Fig. 1 ). Figure 1 illustrates the 2 main peaks and 1 smaller peak in grazing in both types of a paddock. The first peak was observed in the morning until 0900 h, the second one around midday, and the third one after 1500 h.
Resting
Animals rested on average about 35% of their hourly time (sheep: 20.65 min/h ± 0.54 and goats: 21.41 min/h ± 0.49). In the WP, animals of both species were observed to rest in the shade under the trees or bushes. If there was only 1 resting area with shadow, goats and sheep were observed to rest together in a group often by placing a head under the belly or on the back of an animal. In the GP, where no shade was provided, goats and sheep were observed to rest in areas with low level of vegetation. standing position (6.6%; GP = 6.1% and WP = 8.1%). In goats, on the other hand, the longest duration of resting position was recorded during lying (58.2%; GP = 57.7% and WP = 58.7%) and then in standing (30.6%; GP = 39.6% and WP = 21.6%) whereas the shortest duration of position was resting in the herd (11.2%; GP = 8.6% and WP = 13.7%).
Drinking
The drinking frequency was low for both species. Animals were observed to drink on average less than 1 time per day with the maximum of 2 drinking bouts per day. On some days, an individual animal was not observed to drink. Sheep approached the water trough very suddenly and when 1 or 2 animals started to approach the watering point, the other animals followed. When a herd of goats was approaching the water trough, and when occasionally 1 goat decided to drink, the others were not observed to follow. The maximal number of goats that was seen to drink together was 3. Results in Tables 2 and 3 show the influence of fixed effects on drinking in sheep and goats, respectively. Drinking was affected also by the paddock identity in both species (sheep: df = 4, χ 2 test = 30.64, P < 0.001 and goats: df = 4, χ 2 test = 60.66, P < 0.001). In sheep, drinking was affected neither by the day nor by the temperature. On the contrary, in goats there was an increase in drinking the second day compared to the first day (Table 3 ) and when temperature was higher (Table 3) . Sheep drank more frequently in the WP than in the GP (Table 2) but there was no such difference found in goats (Table 3) .
Salt Consumption
When animals consumed salt, they did so most often once per day. During a day, the maximum bout per animal was 4 times in sheep whereas it was 5 times in goats. The Table 2 shows that the frequency of salt intake in sheep was higher in the WP than in the GP. In goats, higher salt counts were scored on the second day when compared to the first day (Table 3) , whereas in sheep higher counts were scored in the first day where a weak tendency was found (Table 2) . No effect of temperature was found on 2 GP = grassy paddock; WP = woody paddock; 1D = first day; 2D = second day; 1T = ≤15.4°C; 2T = >15.4°C.
3 NS = non-significant.
*P-value ≤0.05; **P-value ≤0.001; †P-value ≤0.10.
salt consumption in both sheep and goats (Tables 2 and  3 , respectively). Paddock identity influenced the activity in goats (df = 4, χ 2 test = 261.43, P < 0.001). Sheep consumed more salt in the WP than in the GP (Table 2) .
Comfort Behavior
The maximum number of autogrooming or object grooming reached 8 or 4 times per day per animal, respectively. Tables 2 and 3 summarize the impact of fixed effects on comfort behavior in sheep and goats, respectively. Both autogrooming and object grooming were observed with significantly higher counts in the WP than in the GP. At higher temperature, sheep performed less autogrooming while goats more than when temperature was lower (Table 2 ). Autogrooming in goats was additionally affected by day in that the activity was increased on the second day of observations (Table 3) and by paddock identity (df = 4, χ 2 test = 78.98, P < 0.001) while the latter affected object grooming with a tendency (χ 2 test = 8.52, P < 0.10). Object grooming was also affected by paddock identity in sheep (df = 4, χ 2 test = 291.58, P < 0.001).
DISCUSSION
The main finding in this study is that sheep and goats, used for milk production, expressed different behavior strategy when observed in a mixed group on pasture in the mountain karst region. Our specific hypothesis, that animals will perform species-specific grazing behavior depending on the type of vegetation, was fully supported. The vegetation strongly influenced also other behaviors such as drinking, salt consumption, and comfort behavior but on a different level between the species. Besides the vegetation characteristics, the majority of the observed behaviors were also affected by climatic variations.
Both sheep and goats spent around 10 h during a 16-h daylight period on grazing in both the GP and the WP. In a comparable study where grazing behavior of co-grazing sheep and goats was observed on grass-clover pastures over a 16-h daylight period (Penning et al., 1997) , sheep spent 8 h grazing while goats less than 7 h. When observed over 24-h period, sheep spent 11 h grazing and goats less than 9 h. When the authors scaled grazing duration by body weight no difference between the species was found. Elsewhere (Lynch et al., 1992 ) the daily mean grazing duration of sheep and goats was reported to be 8 to 9 h with a maximum duration of around 13 h when the feed supply was limited. Owing to these results and the fact that sheep make very short distances during darkness (Lin et al., 2011) , probably due to a risk of predation (Rutter, 2006) , the grazing time observed during daylight in our study most likely resemble the total daily grazing time.
Sheep and goats in our study showed a different grazing behavior on the pasture. Different grazing behavior of co-grazing sheep and goats is well documented in a review paper of Animut and Goetsch (2008) . It was described that the species may spend different amount of time on different activities, have different energy expenditure, and travel different distances while grazing. In our study we found that the types of paddocks that provided different forage conditions influenced grazing duration and grazing daily rhythm. This means that grassy and woody grazing behavior differed between our investigated species of animals. Our result is expected because grazing duration and rhythm are related to specific forage characteristics (Baumont et al., 2000) due to different dietary choices (Morand-Fehr, 2003) . The effect of the type of paddock was evident in goats, with animals grazing more in the WP than in the GP, and in sheep, with animals showing the reverse behavior of that found in goats. These results suggest different foraging strategies between the species but contradict with our prediction that sheep would display similar grazing behavior in the 2 types of paddocks. The differences found between the species could be explained by goats having bigger feed assortment in comparison with sheep. Goats could graze not only on the grass but also on the leaves of branches and bushes provided in the WP. The observed genetic influence on the grazing behavior between species may be crucial in preventing overgrowing and keeping the area better distributable grazed, especially in the mountain karst region. Genetic factors have been shown previously in free-ranging sheep to interact with environmental conditions in the determination of grazing distribution (Dwyer and Lawrence, 1999) . Animals' grazing patterns differed depending on the period of daylight in both species with the longest duration of grazing being performed in the evening and the shortest during midday. These diurnal behavioral observations are in agreement with other studies (e.g., semiarid area: Shinde et al., 1997; continental area: Lynch et al., 1992; Inner Mongolian steppe: Lin et al., 2011) . The 2 major grazing periods usually occur at sunrise and sunset. The reason for this is that ruminants tend to avoid grazing during the hottest part of the day. It is also known that the end of grazing activity depends on air temperature (Forbes, 1978) . Other explanation of specific grazing rhythm could be the greater concentrations of total nonstructural carbohydrates of the forage in the evening compared to the morning (Sauve et al., 2009 ). In goats (Burns et al., 2005) it was found that dry matter digestibility of the forages cut in the early morning was lower than of those in the late afternoon.
The circadian rhythm of grazing was affected by day of observations with animals grazing more in the second day compared to the first day. Different foraging strategies between the days could be explained by possible lower forage availability on the second day. Herbage availability and growth stage of vegetation have previously been recognized as limiting factors of grazing in both goats and sheep (Wang, 1997; Animut et al., 2005) . Finding an effect of temperature on shorter grazing duration in both species may lead us to speculate that both genotypes were similar adapted for grazing in warmer climate. Air temperature has previously been recognized as most important environmental factor that affects herbage production on pastures and therefore grazing behavior (Groberek et al., 2004; Fischer et al., 2008) . When goats were housed indoors moderate ambient air temperature was found to increase feeding compared to low temperature (Bøe et al., 2007) .
During midday and afternoon it was observed that animals moved into the shade under the trees, if available, and rested. On other parts of the day animals preferred to rest at clearings with good views of the surroundings. In the GP where no shade was provided, during a sunny weather, sheep usually stretched their necks or even pushed their heads under the other animal's belly. Our investigated animals remaining in the sun tended to lie rather than stand, which may have reduced heat production (Johnson, 1991) . Our sheep rested the longest in a flock and the least while standing, whereas goats rested the longest while lying and the least in a herd.
The average frequency of water drinking was overall low with animals of both species drinking less than once per day. The type of paddock and the temperature affected drinking in either sheep or goats, respectively. Sheep drank more frequently in the WP and goats more when temperature was high. The pasture quality and the ambient temperature are known environmental factors together with the animal factor that can affect water consumption (Markwick, 2007) . In our study, day was found to be an additional climate factor affecting drinking behavior however only in goats.
Salt appetite or sodium hunger is a motivational state in which animals seek out and ingest substances containing sodium (Johnson and Thunhorst, 1997) . Our investigated sheep and goats were observed to consume salt slightly more than once a day. The frequency of salt consumption was higher in the WP although not significantly higher in goats. Besides the effect of vegetation, salt consumption was additionally affected by climate variations. Day strongly affected the salt consumption in goats and weakly in sheep but differently between days. Salt consumption was higher the first day in sheep while it was the second day in goats. The possible lower vegetation availability on the second day of observation may lead goats to change their diet and feed more on leaves that were lacking the sodium. Vidrih et al. (1996) analyzed the concentration of particular minerals in the leaves of hazel and beech tree in the paddocks where our animals were observed. The leaves were reported to contain 0.15 to 0.17 g while white clover 0.89 g sodium/kg of dry matter. Higher salt consumption on the second day found in goats may be an important factor that affected drinking frequency on that day.
Sheep and goats are known to reach almost any part of their body either with their horns, hooves, or mouth. Accordingly, autogrooming was observed when animals licked or grabbed their body, performed skincare, or scratched the body with hind leg or horn. Parts of the body that are difficult to access (e.g., neck, cheeks) were rubbed against trees, bushes, and a timber to perform object grooming. Although comfort behavior is of considerable importance to small ruminants, as it is closely related to hygiene and disease reduction (Fraser, 1985) , little quantitative information is available on this behavior. Animals in our study performed more comfort behavior (self-care with or without objects) in the WP compared to the GP. Looking at object grooming, it seems that naturally provided objects in the WP were preferred over a timber placed in the GP. Climate variations affected autogrooming in both species. Autogrooming was affected by the day in goats by that the behavior was more pronounced on the second day of observations whereas higher temperature decreased the performance of autogrooming in sheep while increased in goats.
A further finding in this study is that co-grazing sheep and goats resulted in animals behaving and interacting as 2 separate groups rather than as 1 flock. This was indicated by a lower frequency of social interactions between the species. The result goes in line with the previous observations of Gipson et al. (2003) where sheep and goats had not been exposed to each other. There is additional evidence in Scottish Blackface sheep (Law-rence and Wood-Gush, 1988) suggesting that sheep avoid animals from other groups.
This study provides the first ethological knowledge of natural behavior of Slovenian small ruminants in the mountain karst region. The results imply that forage utilization in the pasture may be better in a group of sheep if some goats are added to the group. We recommend the ratio of 4:1 to be a potentially good practice of keeping sheep with a flock of goats that will keep the pastures and farm land clear of ingrown woods and protect land from bush encroachment and fires, especially in the karst pastures. Studying different ways of controlled grazing management of small ruminants on less favorable agricultural land may provide a firm knowledge on ethological traits and a better understanding of how to achieve a good formation of mixed flock of sheep and goats and their use on heterogeneous paddocks.
